Introduction
During the course of embryological observations on wheat, the author met with several embryo sacs possessing double egg apparatus. As this unusual duplication of egg cells may contribute to explain the problem of the formation of twin germ grain, the author wants to describe it briefly.
In this paper, the morphological description of such embryo sacs has been reported, and further, its origin and the possibility giving rise to polyembryony have been discussed.
Materials and Methods
Triticum aestivum L. varieties, were used as the materials. About 1,000 ovaries, collected just at their flowering times, were fixed with formalin acetic alcohol solution. The preparations of l0--15,u thick longitudinal and cross sections were made according to the simplified paraffin method designed by the author'). According to this method the dehydrated samples are soaked in crystal violet-containing paraffin for about one week, and then are cut into sections by microtome.
Observations
Among 975 ovules, only three abnormal embryo sacs, possessing double egg apparatus, were found (one case in variety Saitama No. 27, and two cases in Norm No. 42). The typical structures of normal and abnormal embryo sacs are shown in Figs. 1 and 2, respectively. E, and E2 in Fig. 1 are thought to be egg cell, and no difference was found between egg cell in normal embryo sac and abnormal one. Adjacent to these egg cells, four synergids (S1i S2, S3 and S4 in Fig. 1 ) are observed, and two of them (S1 and S,), located in micropylar side, have already degenerated at flowering time. It is noticeable that these six cells seem to make up two sets, composed of one egg cell, one normal synergid and one degenerated synergid (E,-S3-S1 and E,-S1-S2), i.e. two sets of egg apparatus exist together in one embryo sac. Polar nuclei in normal embryo sac of wheat, are in close contact with each other, and they never fuse before fertilization. The boundary nuclear membrane between both polar nuclei which locate near the double egg apparatus is, however, not so distinct that two polar nuclei appear to have fused each other to make the so-called central nucleus, but two large nucleoli can be clearly seen separately in it (P in Fig. 1 ). Concerning to the shape and the number of antipodal cells, there is scarcely any difference between two types of the mature embryo sacs. One of such abnormal embryo sacs is shown in Figs. 3 and 4, and another instance is in Fig. 5 in photomicrographs.
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Discussion
Formation of abnormal embryo sac : It seems necessary to discuss the developmental aspect of embryo sac, to understand the origin of of ore-mentioned abnormal embryo sac.
Embryo sac formation of wheat belongs to monosporic type, and according to Percival (1921) 2), a megaspore gives rise to four nuclei in micropylar end of embryo sac through three times of successive nuclear divisions. Normally, it seems that the rhythm of nuclear division is stopped and the formation of cell membrane occurs around these nuclei, so that one egg cell and two synergids are formed.
One nucleus which locates at the most antipodal side of the quartet, is thrown out toward the central portion of embryo sac without the cell membrane formation.
It may meet with another nucleus migrated from nuclear quartet in the antipodal side of the embryo sac, and form the polar nuclei.
If the rhythm of nuclear division of megagametegenesis is not stopped after its third division due to some reasons, then the fourth division will take place, consequently, resulting in the double states of the egg apparatus, that is: two egg cells and four synergids.
The polar nuclei formed after the third nuclear division, can not complete their fourth division, but merely shows weak indication to divide through the disappearance of boundary nuclear membrane.
Hence, it is thought that the polar nuclei show the half fuse appearance.
The degeneration of two synergids out of four may be due to nutritional or some other causes. Watkins (1925) 3) noticed in hybrid plant between Triticuni turgidum and T. vulgare, though one instance, an embryo sac containing two polar nuclei in contact, three synergids and two egg cells. The present author thinks that Watkins perhaps did not notice another degenerated synergid, however, it cannot be asserted positively, for report lacked in the detailed illustration and discussion of such abnormal embryo sac. In Crassula shmidtii and Umbilicus intermedius, Mauritzon (1933)4) reported that occasionally there is a fourth division in the embryo sac, resulting in the formation of sixteen nuclei, which organize to form four synergids, two egg cells, six antipodal cells and four polar nuclei.
Polyembryony :
In case that a pollen tube enters such abnormal embryo sac, the tip of the pollen tube may penetrate into one of the normal synergids, thus two male nuclei are discharged into embryo sac and are delivered to one of the egg cells and polar nuclei. This inference is drawn from the observations on the fertilization in normal embryo sac. 5) If an additional pollen tube directly follows the first pollen tube, it can fertilize another egg cell probably by working as agent of a surviving synergid.
And that, if these two fertilized egg cells develop completely, the polyembryony or twin embryos with diploid-diploid chromosome numbers will be brought about.
The frequency of the occurrence of embryo sac containing double egg apparatus, is about 1/300 (3 among 978 samples), and there may be little chance of simultaneous arrival of two or more pollen tubes at such egg apparatus, therefore, the fertilization in both egg cells does not always occur.
When only one pollen tube gets into such an embryo sac, there appears usually a normal seed containing one embryo.
But if an unfertilized egg cell may also develop parthenogenetically under an impetus from developing fertilized embryo, diploidhaploid twin embryos may be given rise to. In Fig. 5 , it is observed that both the egg cell and polar nuclei have finished their fertilization, and the primary endosperm nucleus has already reached the metaphase stage of its first division, whereas another egg cell (E2) is still lying at unfertilized stage.
On the contrary, another possibility is that two male nuclei penetrate into two egg cells severally without fertilizing to the polar nuclei. This case is also supposed as a source of twin embryos with diploid-diploid chromosome numbers.
But if the unfertilized polar nuclei degenerate without development as endosperm, this ovule could not give rise to normal seed grain.
Twin seedlings of wheat has attracted much attention ever since the first report by Namikawa and Kawakami (1934)6). In 1954 Nishiyama?) gave a thorough review of polyembryony in wheats, including the origins, chromosome numbers and their frequencies of occurrence.
According to his review, the frequency of polyembryonic seedling is 0.11 percent, and concerning the chromosome numbers, 2n: 2n twins accounts for 84 percent of all twins, and other twins i.e. 2n : n, 2n : 3n, 2n : 4n etc. and triplets are found quite rarely.
The causes of polyembryony in wheat, like other plants, are interpreted by many workers mainly as follows: the possible and simplest method is "cleavaging " where the proembryo is separated into two or more portions (the so-called identical twins) during its development, hence their chromosomes are 2n: 2n (Kappert, 19338) , Mi ntzing, 19379) ). On the other hand, it is known that the polyembryos are caused through plural origins.
For example, Kappert (1933) 8) explained that the diploid member of 2n:n twins in Linum ustatissimum may be derived from fertilized egg cell HOSHIKAWA, K. 111 and the haploid member from an unfertilized cell of the same embryo sac other than egg cell by haploid parthenogenesis. Kihara (1936) 1°) presented another possibility of 2n : n twins in wheat that diploid embryo may be derived from incidental fertilization of one of the synergids and haploid embryo from unfertilized egg cell. This opinion is based upon the observations made by Watkins (1925) 3) and Wakakuwa (1934)11), who reported the occasional fertilization of synergid by a male nucleus in wheat. Kawakami and Hatamura (1952)1) also stated that two synergids of wheat embryo sac are able to fertilize respectively with a male gamete derived from additional pollen tube. The results of present author, however, differ from the aboves, because in spite of about a thousand observation of fertilization examined, not a single case of synergid fertilization by a male nucleus was detected.
Kihara'0) also pointed out a source of 3n: 2n polyembryony.
He mentioned that one of the endosperm nuclei develops to the triploid embryo additionally to the normal diploid embryo.
Besides these, although less frequent, there are two or more embryo sacs in an ovule, and each of which may give rise to embryo (Bacchi 194313) in Citrus paradisi Macf. and C. aurantium L., and Nielsen 194614) in Poa pratensis L. etc.).
Proliferation of the nucellus or integument cells also may bring about the polyembryony in Citrus, Poa and other plants.
In addition to these sources, above-mentioned embryo sac containing double egg apparatus, may also be thought as a source of the polyembryony. 
